REMARKS 

Claims 11-12 are pending. By this Amendment, non-elected Claims 1-10 and 
13-17 are cancelled without prejudice or disclaimer, the Drawings, Specification and 
Claim 11 are amended, and Replacement Sheets of formal drawing Figures 1-19 are 
submitted. Applicants respectfully submit that no new subject matter is presented 
herein. 

Entry of Response Proper 

Entry of this Amendment is proper under 37 C.F.R. §1.116 since the 
amendments: (a) place the application in condition for allowance for the reasons 
discussed herein; (b) do not raise any new issues requiring further search and/or 
consideration on the part of the Examiner as the Amendment merely clarifies the 
claimed features of the invention; (c) satisfy a requirement of form asserted in the 
previous Office Action; (d) do not present any additional claims without canceling a 
corresponding number of finally rejected claims; and (e) place the application in better 
form for appeal, should an appeal be necessary. The Amendment is necessary and 
was not earlier presented because it is made in response to objections raised in the 
Final Rejection. Entry of the Amendment is thus respectfully requested. 
Drawings 

The Final Office Action dated January 14, 2009 objected to the drawings for 
failing to comply with 37 C.F.R. 1.84(p)(4) as well as for containing various 
inconsistencies. 

Enclosed herein are Replacement Sheets of formal drawing Figures 1-19. 
Originally filed Figures 13-28 and 32-34 have been cancelled, originally filed Figures 29- 
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31 have been renumbered as Figures 13-15, originally filed Figures 35-38 have been 
renumbered Figures 16-19, and the reference numbers in formal drawing Figures 1-19 
have been amended, where appropriate, in accordance with the Substitute Specification 
submitted herewith in order to remove the subject matter that was not elected in the 
Response to Election/Restriction filed on September 26, 2007, as well as to address the 
various inconsistencies contained in the originally filed figures. 

Applicants respectfully request withdrawal of the objection to the drawings. 
Specification 

The Specification has been amended to delete or otherwise cancel the 
discussion relating to non-elected subject matter, with the exception of the description 
and corresponding drawings relating to the first embodiment, so as to preserve enabling 
discussions relating to features that correspond the first embodiment as well as the 
elected embodiment. The Specification has also been amended, via the Substitute 
Specification, to address various inconsistencies therein. Enclosed herein is a 
Substitute Specification which is believed to be in compliance with 37 CFR 1.52(a) and 
(b). A marked-up copy of the originally filed Specification indicating the changes made 
thereto by the Substitute Specification is also enclosed for the convenience of the 
Examiner. Applicant respectfully submits that no new matter is presented. 
Claim Objections 

The Final Office Action dated January 14, 2009 objected to Claim 11 for 
containing informalities therein. Applicants have amended the claim in a manner 
believed to be responsive to the objection. Applicants respectfully request withdrawal of 
the objection, 
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Claim Rejections - 35 U.S.C. §112 

The Final Office Action dated January 14, 2009 rejected Claims 11-12 under 35 
U,S.C. §112, second paragraph. Applicants have amended the claim in a manner 
believed to be responsive to the rejection. Applicants respectfully request withdrawal of 
the rejection. 

Claim Rejections - 35 U.S.C, §102 

The Final Office Action dated January 14, 2009 rejected Claims 11-12 under 35 
U.S.C. §102(b) as being anticipated by U.S. Patent Number 6,142,033 to Beigang. 
Applicants respectfully traverse the rejection for at least the following reason(s). 

Claim 1 1 recites a power transmission mechanism of a shaft and a hub, the 
power transmission mechanism including, among other features a shaft tooth section 
with a straight peak having a constant tooth thickness and a valley having an outside 
diameter varying from an end of the shaft toward a shaft shank of the shaft, the valley 
having a step region sloped toward a hub tooth section obliquely at a predetermined 
angle, wherein a valley radius of the shaft tooth section representing a distance from a 
central axis of the shaft to a bottom land of the valley is constant from the step region 
to the end of the shaft. 

Applicants respectfully submit that originally filed Figures 29-31 (now Figures 13- 
15) clearly and unambiguously show the valley radius of shaft tooth section of the shaft 
is constant from the step region (i.e., where the valley slopes from point P1 to point P2) 
to the end of the shaft, which is the end of the shaft opposite the end of the shaft having 
the shaft shank. That is, the bottom land of the valley from point PI to the end of the 
shaft (i.e., the end that is opposite the end having the shaft shank) is constant and does 
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not have any grooves, or other discontinuities in the valley radius defined therein. See 
page 33, lines 7-12 of the originally filed Specification for support for the above- 
emphasized feature of the claimed invention. 

Applicants respectfully submit that Beigang, regardless of how the disclosure is 
interpreted, fails to disclose or suggest the shaft tooth section 5 with a straight peak A1 
having a constant tooth thickness and a valley A2 having an outside diameter varying 
from an end of the shaft 1 toward the shaft shank 4 of the shaft, the valley A2 having a 
step region A3 sloped toward the hub tooth section 7 obliquely at a predetermined 
angle, wherein a valley radius of the shaft tooth section 5 representing a distance from a 
central axis of the shaft 1 to a bottom land of the valley A2 is constant from the step 
region A3 to the end of the shaft 1. Rather, the bottom land of the valley A2 from the 
step region A3 to the end of the shaft 1 is not constant due to the formation of an 
annular groove 6 in the bottom land of the valley A2 of the shaft tooth section 5. See 
column 3, lines 29-46 and Figure 1 of Beigang. 

Moreover, when a peak diameter of a hub tooth section is changed depending on 
a change of a valley diameter of a shaft tooth section, as is disclosed in Beigang, a 
stress tends to concentrate. In contrast, in the present invention, it is possible to 
distribute stresses to increase static mechanical strength and fatigue strength. That is, 
Beigang cannot obtain the benefit provided by the present invention because of the 
stresses being concentrated therein. 

Therefore, Applicants respectfully submit that Beigang does not disclose, teach 
or suggest each and every feature recited by Claim 11, 
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To qualify as prior art under 35 U.S.C. §102, each and every feature recited by a 
rejected claim must be disclosed by the art of record. As explained above, Beigang 
does not disclose each and every feature recited by Claim 11. Therefore, Applicants 
respectfully submit that Claim 11 is not anticipated by, or rendered obvious in view of, 
Beigang and should be deemed allowable. 

Claim 12 depends from Claim 11, Applicants respectfully submit that this 
dependent claim be deemed allowable over Beigang for at least the same reason(s) 
that Claim 1 1 is allowable, as well as for the additional subject matter recited therein. 

Applicants respectfully request withdrawal of the rejection. 
Conclusion 

Prompt and favorable examination on the merits is respectfully requested. 

In view of the above, reconsideration of the application, withdrawal of the 
outstanding objections and rejections, allowance of Claims 11-12, and the prompt 
issuance of a Notice of Allowance is respectfully requested. 

Should the Examiner believe anything further is desirable in order to place this 
application in better condition for allowance, the Examiner is requested to contact the 
undersigned at the telephone number listed below. 
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In the event this paper is not considered to be timely filed, the Applicants 
respectfully petition for an appropriate extension of time. Any fees for such an 
extension, together with any additional fees that may be due with respect to this paper, 
may be charged to counsel's Deposit Account No, 01-2300, referencing Attorney 
Docket Number 025416.00025. 

Respectfully submitted, 
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MARKED-UP VERSION OF 
SUBSTITUTE SPECIFICATION 

DESCRIPTION 

POWER TRANSMISSION MECHANISM OF SHAFT AND HUB 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is a National Stage entry of 

International Application No. PCT/ JP2004/011080, filed 
August 3, 2004;, the entire specification claims and drawings 
of which are incorporated herewith by reference. 
TECHNICAL FIELD 

The present invention relates to a power transmitting 
mechanism for transmitting torque smoothly between two 
members comprising a shaft and a hub. 

BACKGROUND ART 

On motor vehicles such as automobiles, there have been 
employed a set of constant velocity joints for transmitting 
drive power from an engine through a shaft to axles. Each 
constant velocity joint comprises an outer member, an inner 
member, and a torque transmitting member disposed between 
the outer and inner members for transmitting torque between 
the outer and inner members. The constant velocity joint 
includes a shaft/hub unit having a tooth assembly which 
comprises a shaft tooth section on the shaft and a hub tooth 
section on a hub, the shaft tooth section and the hub tooth 
section being held in mesh with each other. 

In recent years, there have been demands for efforts to 
reduce circumferential backlash of constant velocity joints 
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which is caused by the chattering of the power transmitting 
syste m ouch qg — noise and vibration . Heretofore^ attempts 
have been made to reduce backlash between the inner ring and 
the shaft with a constant velocity joint having shaft 
serrations tilted at a torsional angle. Depending on the 
direction of the torsional angle and the direction of the 
torque load^ the mechanical strength and service life of the 
inner ring and the shaft are likely to vary from product to 
product . 

In the art of gears, technical concepts for crowning 
tooth surfaces have been disclosed in Japanese Laid-Open 
Patent Publication No. 2-62461, Japanese Laid-Open Patent 
Publication No. 3-69844, and Japanese Laid-Open Patent 
Publication No. 3-32436, for example. 

The applicant of the present application has proposed a 
spline shaft wherein the crowning top is positioned where 
the stress is minimized when torque is applied to a region 
where the spline shaft and a constant velocity joint mesh 
with each other, thereby preventing the stress from 
concentrating on certain regions and simplifying the overall 
structure of the spline shaft (see Japanese Laid-Open Patent 
Publication No. 2001-287122). 

DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY SUMMARY OF THE INVENTION 

It is a general object of the present invention to 
provide a power transmitting mechanism for a shaft and a 
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hub, which is designed to prevent stresses from 
concentrating on certain regions for increased static 
mechanical strength and fatigue strength. 



MEANS FOR SOLVING THE PROBLEMS 

According to the present invention, when torque is 
applied to a portion between a shaft and a hub wherein a 
shaft tooth section and a hub tooth section are held in mesh 
with each other, by increasing the outside diameter of a 
valley of the shaft tooth section, which is a stress 
concentrating region^ the stresses are distributed and 
strength of the shaft is increased. 

Further, according to the present invention, since a 
changing point of the outside diameter of the valley of the 
shaft tooth section and a changing point of the inside 
diameter of a peak of the hub tooth section are offset from 
each other by a predetermined distance, the stresses imposed 
on the shaft tooth section are distributed to one changing 
point and the other changing point, thereby relaxing stress 
concentration. As a result, the stress concentration is 
relaxed and distributed, thus increasing static mechanical 
strength and fatigue strength of the area where the shaft 
tooth section and the hub tooth section mesh with each 
other . 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view, partly cut away, of a 
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shaft/hub unit which incorporates a power transmitting 
mechanism according to a first embodiment of the present 

invention; 

FIG. 2 is an enlarged partial transverse cross- 
5 sectional view showing a shaft tooth section and a hub tooth 

section which are held in mesh with each other in the 
shaft/hub unit shown in FIG. 1; 

FIG. 3 is an enlarged partial longitudinal cross- 
sectional view in the axial direction of a shaft, showing a 
10 peak of the hub tooth section which engages in a valley of 

the shaft tooth section shown in FIG. 1; 

FIG. 4 is an enlarged partial longitudinal cross- 
sectional view showing a tapered surface of a first step 
region slanted at a smaller tilt angle 6 of the shaft shown 
15 in FIG, 3; 

FIG. 5 is an enlarged partial longitudinal cross- 
sectional view showing a tooth of the shaft tooth section 
whose outside diameter varies toward a shaft shank of the 
shaft shown in FIG. 4; 
20 FIG. 5 is a diagram showing the relationship between 

the tilt angle 9 of the first step region of the shaft tooth 
section, stress relaxation, and productivity; 

FIG. 7 is a graph showing the relationship between 
stresses developed on the shaft and positions where the 
25 stresses are measured with respect to a shaft wherein a 

first step region and a second step region are not formed in 
a shaft tooth section and a hub tooth section and a shaft 
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wherein a first step region and a second step region are 
formed in a shaft tooth section and a hub tooth section; 

FIG. 8 is a graph showing the relationship between 
stresses developed on the shaft and positions where the 
5 stresses are measured with respect to a shaft wherein a 

first step region is slanted at a much smaller tilt angle 6; 

FIG. 9 is a graph showing the relationship between 
stresses developed on the shaft and positions where the 
stresses are measured, with respect to a shaft wherein a 
10 changing point of the diameter of a shaft tooth section and 

a changing point of the diameter of a hub tooth section are 
offset from each other and to a shaft wherein a changing 
point of the diameter of a shaft tooth section and a 
changing point of the diameter of a hub tooth section are 
15 not offset from each other; 

FIG. 10 is a graph showing the relationship between 
stresses developed on the shaft and positions where the 
stresses are measured when the stresses are produced in 
response to an input load imposed at the time torque is 
20 applied; 

FIG. 11 is an enlarged partial longitudinal cross- 
sectional view taken along line XI - XI of FIG. 3; 

FIG. 12 is an enlarged partial longitudinal cross- 
sectional view taken along line XII - XII of FIG. 3; 
2 5 FIG . — 3r3 — is an enlarged longitudinal — cro ss — sectional 

view of a -modification Vv^hcrcin spline teeth — in a — shaft — tooth 
section and a hub — tooth section arc — of an — involute — shape 
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FIG , — iA — irS — a p oro poc t lvc vi c w ;^ — partly cut away^ — of a 

ohaft/hub unit which incorporatco a — power transmitting 
mcchan i om a ccording to a — oocond embo diment — — the pr oG cn t 
invention; 

FIG . — 3-§ — io an enlarged partial — longitudinal — crooo-- 
oectional view — in the axial direction of a — ohaf t ^ — showing a 
peak o f a — h«rte — too t h oe cti on w h ich cngagco — in a valley of a 
shaft tooth Gcction ohown in FIG. — 3r4-f- 

FIG > — i-€ — io an enlarged partial — l o ngitudinal — croas - 
Goctional vicv7 — showing that a point — Pi — as a — starting point 
of an — arcu ate — regio n forme d in the — shaft tooth — section and a 
point — P2 as — a — starting point of a step region form.ed in a 
the hub tooth section are vertically aligned with each other 
v\/ithout being offset; 

FIG . — ^ — i-s — a — graph shov ^i ng the — relationship betvjcen 
stresses developed on the shaft and positions where the 
stresses are measured v^ith respect to a — shaft wherein no 
step region — ±-s — formed in a hub tooth — section and a — shaft 
Vv^herci n an arcuate — r egion is — f orm.ed — in a — shaft — toot h 
section; 

FIG . — 3r8 — is an enlarged partial — longitudinal — cross - 
sectional view taken a lon g line XVIII — - X VIII of FIG. — 

FIG . — 1-9 — — an enlarged pa r tial — longit ud inal — cross - 
sectional view taken along line XIX — - XIX of FIG. — ir&i- 

FIG . — 3-9 — is a perspective ■ view^ — partly cut av^ay^ — of a 
shaft/hub unit v^hich incorporates a power transmitting 
mechanism according to a third embodime n t of the prese nt 
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invention; 

FIG . — 34 — io an enlarged partial — longitudinal — croGO - 
oectional viovv^ in the axial — direction of a — ohaf t , — showing a 
peak of a hub tooth oection v^hich engagco in a valley of a 
ohaft tooth oection ohown in FIG. — 3■0-^ 

FIG . — 35 — is an enlarged partial — longitudinal — crooa- 
Gcctional — viovj shovv^ing a tooth of the — ohaft — toot h oection 
whose outoide diameter varieo toward a ohaft ohank of the 
ohaft — shown in FIG. — 2^ 

FIG . — 3-3 — is a diagram showing the relationship bctv^een 
t h e r ise angle 9 of a tapered region of the — shaft tooth 
section^. — stress relaxation^ — and productivity; 

FIG . — 34 — is a graph showing the — relationship between 
s tre sses developed on the shaft and positions v^here the 
otrcGGCG — arc mc QGurcd;> — with — respect — to — a — shaft v^herein a 
tap er ed — region — an d - a — step — region are — not — formed — iB — a — shaft 
t o oth — section and a hub tooth section and a — shaft wherein a 
tapered region and a step region are — formed without being 
offset ; 

FIG . — 2-S — i-s — a — graph — showing — trhe — relationship betv^/cen 
stre s ses ' developed on the — shaft and positions where the 
stresses — are m e asured^ — with respect to a shaft wherein a 
tapered re gion and a — step region are not — formed — in a — shaft 
tooth section and a hub tooth section and a shaft wherein 
starting points of a tapered region and a — step region arc 
of fset — from each other; 

FIG ■ — 3-6 — — a graph show in g the — relationship between 
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Gtrc o GQO dcvQlopcd ' OH ' the — ohaft and pooitiono v^hcrc the 
GtrcQOCO arc mcaourod;. — with rccipcct — to a shaft v^horcln a 
changing point of the diameter of a — ohaf t tooth ocction a nd 
a changing point of the diameter of a hub tooth ocction arc 
of f Dct — from each other and to a ohaft wh e rein a changing 
point of the diameter of a ohaft tooth oection and a 
c hanging point o f the diameter of a hub tooth oection are 
ftot — of foot — from each other; 

FIG . — S-^? — io an enlarged partial — longitudinal c r ooo - 
oectional view taken along line XXVII XXVII of FIG, 21; 

FIG . — 2-8 — i o an enlarged part ial — longitudinal — crooo- 
occtional view taken along line XXVIII - XXVIII of FIG. 21; 

lA ^ ^ perspective view, partly cut away, of a 
shaft/hub unit which incorporates a power transmitting 
mechanism according to a second fourth embodiment of the 
present invention; 

lA ^ enlarged partial longitudinal cross- 

sectional view in the axial direction of a shaft, showing a 
peak of a hub tooth section which engages in a valley of a 
shaft tooth section shown in FIG. 1_3 S^; 

FIG. 1_5 -Sdr is an enlarged partial longitudinal cross- 
sectional view showing a first tapered region having a small 
tilt angle 9 in a step region of the shaft shown in FIG. 1A_ 
"3 0' ; 

FIG . — 3-3 — ±-s — an en l arg e d partial — longitudinal — cr o oo - 
oectional vicv^^ in the axial direction of the ohaft, — ohov^/ing 

that — a hub having a — second tapered region — in a hub tooth 
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OGGtion cngagco the — shaft — shown in — FIG . — 31 ; 

FIG . — 3-3 — io an onlargcd partial — longitudinal — crosG - 
occti onal vicvj — in the — axial direction of — t+i-e — ohaf t ^ — Ghowing 
that a hub having an arcuate of predetermined radiuo of 
curvature in a hub tooth Goction cngageo the Ghaft — shov^n in 
FIG. 31; 

FIG . — dr4 — ±-3 — an enlarged partial longitudinal — croGo- 
Gcctional view showing a tooth of the — shaft tooth aection 
v^hoGC outside diameter varies tov/ard a Ghaft shank of the 
Ghaft shown in — FIG . — 

FIG. 1_6 3^ is a diagram showing the relationship 
between the tilt angle 9 of the step region of the shaft 
tooth section^ stress relaxation, and productivity; 

FIG. 1/7 is an enlarged partial longitudinal cross- 
sectional view taken along line XXXVI - XXXVI of FIG. 14 3^; 

FIG. 1^ ^ is an enlarged partial longitudinal cross- 
sectional view taken along line XXXVII - XXXVII of FIG. 14 
•3^; and 

-3-8- is a fragmentary perspective view showing 
the manner in which the spline teeth of a shaft tooth 
section are formed by rolling racks . 

BEST MODE FOR CARRYING OUT THE INVENTION 

FIG. 1 shows a shaft/hub unit 10 which incorporates a 
power transmitting mechanism according to a first embodiment 
of the present invention. The shaft/hub unit 10 serves as 
part of a constant velocity joint. The shaft/hub unit 10 
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comprises a shaft 12 (d iff er ent Gmbodimcnto of which arc 
identified in the — appropriate figurco with the — f ollov/ing 
corresponding reference numbero — tS-^T — 1-2-^7 — i5-^7 — ir2r.^y — 1:5-^7 — o^ 
•irS-^-f functioning as a power transmitting shaft and a hub 14 
(differ e nt ' embodim on to of which are — identified in the 
appro priate — figures with the — following corresponding 
reference numbers — ^4^7 — irAr^-, — — — 1 4 a ^ — — 14b) 
functioning as an inner ring that is disposed in openings in 
an outer cup (not shown) and has guide grooves 15 receiving 
therein balls (not shown) . 

The shaft 12 has fitting portions 18 on its respective 
opposite ends each fitting in an axial hole 16 in the hub 
14. In FIG, 1, only one end of the shaft 12 is shown, with 
the other end omitted from illustration. The fitting portion 
18 has a shaft tooth section 22 (the — other embodiment — 
which is illustrated in the appropriate figures v^ith the 
following corresponding reference number 22^ ) comprising a 
plurality of straight spline teeth 20 which have a 
predetermined tooth length in the axial direction of the 
shaft 12 and which are formed successively in the 
circumferential direction of the shaft 12. Specifically, the 
shaft tooth section 22 comprises a circumf erent ially 
alternate succession of convex peaks 22a (the other 
embodiment of which is illustrated in the appropriate 
figures with the following corresponding reference number 
22a' ) and concave valleys 22b (the other cmbodimLcnt of which 
irs — illustra t ed — — th-e — appropriate figures — v/ith the — f ollovv/^ing 
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corrcoponding reference number 22h' ) . As shown in FIG. 2, 
the peaks 22a of the shaft tooth section 22 have 

substantially the same tooth thickness^ and extend 
substantially parallel to the axis of the shaft 12 (see FIG. 
1) . 

The shaft 12 has a shaft shank 24 extending from an end 
of the shaft tooth section 22 which is closer to the center 
of the shaft 12, A retaining ring (not shown) is mounted in 
an annular groove (not shown) defined in the end of the 
shaft 12 for preventing the hub 14 from being released from 
the shaft 12 . 

The hub 14 has, on the inner circumferential surface of 
the axial hole 16, a hub tooth section 28 (the other 
embodiment — of which io — illuotratod in the appropriate 
figures — with — the — following — corresponding — reference — number 
28^ ) having a plurality of straight spline teeth 26 that fit 
in the fitting portion 18 of the shaft 12. Specifically, the 
hub tooth section 28 comprises a circumf erent ially alternate 
succession of convex peaks 28a (the — ot h er e mb o di me nt — 
v^hich io — illustrated in the — appropriate — figures — with the 
following corrcoponding reference number 28a^ ) and concave 
valleys 28b. As shown in FIG. 2, the peaks 28a have 
substantially the same tooth thickness and extend 
substantially parallel to the axial direction of the shaft 
12. 

FIG. 3 shows, in enlarged partial longitudinal cross 
section in the axial direction of the shaft 12 ( 12 i.7 — ir2-2.-f, 
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that a peak 28a of the hub tooth section 28 engages in a 
valley 22b of the shaft tooth section 22. In FIG. 3, a 
position corresponding to an axially central point of the 
shaft tooth section 22 is represented by PO. 

A point PI (changing point) is established on the 
bottom land of the valley 22b at a position which is 
displaced horizontally a predetermined distance LI toward 
the shaft shank 24 from the central point PO of the shaft 
tooth section 22 on the bottom land of the valley 22b 
(valley radius (|)A1). From the point PI;, the bottom land of 
the valley 22 is raised radially outwardly toward the hub 
tooth section 28, providing a first step region 30 having a 
valley radius (|)A2 . The first step region 30 extends 
horizontally a predetermined distance L2 tov^ard the shaft 
shank 24 and is joined to the shaft shank 24. 

The first step region 30 of the shaft tooth section 22 
may have a slanted surface or an arcuate curved surface or a 
compound surface having a predetermined radius of curvature. 

The peak 22a of the shank tooth section 22 has an 
outside diameter which may remain constant in the axial 
direction, as shown in FIGS. 3 and 4, or which may 
progressively decrease from an area close to the point PI 
toward the shaft shank 24^ as shown as 22a^ in FIG. 5. With 
the outside diameter of the peak 22a^ 22a progressively 
decreasing toward the shaft shank 24, the shaft tooth 
section 22 can easily be manufactured by rolling racks, as 
described later on, and the function of the shaft tooth 
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section 22 to transmit torque is not lowered. In FIG. 5^. 
the reference character "H" represents a horizontal line to 
be compared with a change (reduction) in the outside 
diameter of the peak 22a^ 22a . 

On the peak 28a of the hub tooth section 28^ there is 
established a point P2 at a position which is offset a 
predetermined distance L4 from the point PI in the shaft 
tooth section 22 in a horizontal direction away from the 
shaft shank 24. From the point P2, the peak 28a changes its 
peak radius (f)A3 to a peak radius (t)A4 , providing a second 
step region 32 with the peak radius (j)A4 . The second step 
region 32 extends horizontally a predetermined distance L3 
toward the shaft shank 24. 

The second step region 32 of the hub tooth section 28 
may have a slanted surface or an arcuate curved surface or a 
compound surface having a predetermined radius of curvature, 
and may be of a shape different from the shape of the first 
step region 30. The tilt angle of the second step region 32 
is set as desired complementarily to the tilt angle of the 
first step region 30. The shape of the hub tooth section 28 
is not limited to the shape of the second step region 32, 
but may include a round shape, a tapered tape, or the like 
having a predetermined radius of curvature. The valleys 28b 
of the hub tooth section 28 have an inside diameter which 
remains constant. 

The valley radii OAl, ^A2 represent respective 
distances from the central axis of the shaft 12 to the 
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bottom lands of the valley 22b of the shaft tooth section 
22. The peak radii OAS^ 0A4 represent respective distances 
from the central axis of the shaft 12 ( 12 4,7 — 3r2-^-)- to the top 
lands of the peak 28a of the hub tooth section 28. 

The distance L2 in the shaft tooth section 22 mtay be 
set to a value greater than the distance LI in the shaft 
tooth section 22 (LKL2). The distance L2 in the shaft tooth 
section 22 and the distance L3 in the hub tooth section 22 
may be set to substantially equal values (L2 L3), or the 
distance L3 in the hub tooth section 22 may be set to a 
value greater than the distance L2 in the shaft tooth 
section 22 {L2<L3) f for allowing an offset (described later) 
to be easily established depending on dimensional tolerance 
and dimensional accuracy and also for improving the ease in 
assembling the shaft 12 ( 12^7 — and the hub 14 (1 4^-)- 
together. In FIG. 3, the distance L2 and the distance L3 are 
not plotted accurately to actual dimensions. 

As can be seen from FIG, 3, the point PI as a starting 
point (changing point) where the first step region 30 of the 
shaft tooth section 22 starts to rise and the point P2 as a 
starting point (changing point) where the second step region 
32 of the hub tooth section 28 starts to rise are offset 
substantially horizontally from each other by a 
predetermined distance L4 . 

Therefore, when torque is applied to the shaft/hub unit 
10 wherein the shaft tooth section 22 and the hub tooth 
section 28 mesh with each other, since the point PI in the 



-15- 

MARKED-UP VERSION OF 
SUBSTITUTE SPECIFICATION 

shaft tooth section 22 and the point P2 in the hub tooth 
section 28 are offset from each other by the distance L4, 
the stresses imposed on the shaft/hub unit 10 are 
distributed to the points Pl^ P2;r thereby relaxing stress 
concentration. As a result, static mechanical strength and 
fatigue strength of the area where the shaft tooth section 
22 and the hub tooth section 28 mesh with each other are 
increased . 

In FIG. 4, a right-angled triangle formed by 
interconnecting points PI, P3, P4 may have its cross- 
sectional area increased, and the angle 9 formed between a 
line segment P14 interconnecting the points PI, P4 and a 
line segment P13 interconnecting the points PI, P3, i.e., 
the tilt angle 9 of the first step region 30, may be set to 
a smaller value for further relaxing stress concentration 
with a tapered surface 34 of the first step region 30. 

The relationship between the tilt angle 9 of the first 
step region 30, stress relaxation, and productivity is shown 
in FIG. 6. It can be seen from FIG. 6 that stress 
relaxation and productivity are good (see symbol "O") if 
the tilt angle 9 is set to a value in the range from 5 
degrees to 45 degrees, and optimum (see symbol "@") if the 
tilt angle 9 is set to a value in the range from 10 degrees 
to 35 degrees. 

If the tilt angle 9 is set to 3 degrees, no sufficient 
stress distribution capability is available, and it is 
difficult to manufacture the shaft tooth section 22 with 
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rolling racks^ to be described later. If the tilt angle 9 
is set to 90 degrees, excessive stresses concentrate on the 
first step region 30, and the durability of rolling racks 
used to manufacture the shaft tooth section 22 is reduced. 
5 FIG, 7 shows a characteristic curve A (broken-line 

curve) of stresses on a comparative shaft wherein the first 
step region 30 and the second step region 32 are not formed 
in the shaft tooth section 22 and the hub tooth section 28 
and a characteristic curve B (solid-line curve) of stresses 

10 on a shaft wherein the points PI, P2 are offset from each 

other by the predetermined distance L4 shown in FIG. 4 and 
the tilt angle 9 of the first step region 30 is set to a 
large value. A comparison between the characteristic curve 
A and the characteristic curve B indicates that according to 

15 the characteristic curve B which represents the structure 

shown in FIG. 4, the peak of stresses is reduced and the 
concentration of stresses is relaxed. 

FIG. 8 shows a characteristic curve C of stresses on a 
shaft wherein the tilt angle 9 of the first step region 30 

20 is smaller than with the characteristic curve B. It can be 

understood from FIG. 8 that by reducing the tilt angle 9 to 
increase the size of the tapered surface 34, the tapered 
surface 34 is capable of more relaxing stresses (compare a 
portion a of the characteristic curve B shown in FIG. 7 and 

25 a portion (3 of the characteristic curve C shown in FIG. 8). 

FIG. 9 shows a characteristic curve E (solid-line 
curve) of stresses on a shaft wherein the point PI in the 
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shaft tooth section 22 and the point P2 in the hub tooth 
section 28 are offset from each other by a predetermined 
distance, and a characteristic curve F (broken-line curve) 
of stresses on a shaft wherein the points PI, P2 are not 
offset from each other, i.e., the distance by which the 
points PI, P2 are spaced horizontally from each other is 
nil. 

A comparison of offset and offset-free portions (see 
portions y of the characteristic curves E, F) shows that the 
characteristic curve E of the shaft wherein the starting 
point PI (see FIGS. 3 and 4) in the shaft tooth section 22 
and the starting point P2 (see FIGS. 3 and 4) in the hub 
tooth section 28 are offset from each other is more gradual 
than the characteristic curve F wherein the starting points 
PI, P2 are not offset from each other. The offset starting 
points PI, P2 are effective in relaxing stresses in the area 
where the radii change. 

FIG. 2 shows the manner in which the straight peak 22a 
of the shaft tooth section 22 and the straight peaks 28a of 
the hub tooth section 28, which are held in mesh with each 
other, are in mesh with each other when torque is applied to 
them in their unloaded state. It is assumed that when 
torque is applied to the peaks 22a, 28a, a load is applied 
to them in the direction indicated by the arrow Y which is 
perpendicular to the axis of the shaft tooth section 22. 

FIG. 10 shows the relationship between stresses 
developed on the shaft and positions where the stresses are 
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measured (see the arrow X in FIG. 2) . If the magnitude of 
the applied load varies through three stages, i.e., a low 
load, a medium load, and a high load, then it can be seen 
that the peak points of stresses reside in substantially the 
5 same measuring position D as indicated by points a, b, c, 

from a low-load characteristic curve, a medium-load 
characteristic curve, and a high-load characteristic curve 
which correspond to the above stages, respectively. 

FIGS. 11 and 12 are enlarged partial longitudinal 

10 cross-sectional views showing the manner in which the peak 

28a of the hub tooth section 28 contacts the valley 22b of 
the shaft tooth section 22 at the time the shaft 12 and the 
hub 14 are assembled together. In FIGS. 11 and 12, (|)dl 
through ^dS represent pitch circle radii from the central 

15 axis of the shaft 12. 

Since the shaft tooth section 22 is straight in shape 
and the hub tooth section 28 is straight in shape, the side 
surfaces of the shaft tooth section 22 and the hub tooth 
section 28 are held in fact-to-face contact with each other 

20 at all times (see FIGS, 2, 11, and 12) . 

As can be understood from a comparison between FIGS. 11 
and 12, the radii (t)d2, ^d3 of the shaft tooth section 22 in 
a stress concentrating region can be increased by a by 
forming the first step region 30 (see FIG. 3) and the second 

25 step region 32 (see FIG. 3) in portions of the shaft tooth 

section 22 and the hub tooth section 28 which are close to 
the shaft shank 24. 
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Since the radii ^d2 , ^d3 of the shaft tooth section 22 
in the stress concentrating region are increased by the 
radius of curvature of the bottom land R of the valley 22b 
of the shaft tooth section 22 can be increased for stress 
distribution (see R' in FIG. 12) . Overall stresses (main 
stresses) can be lowered by increasing the radius of the 
region close to the shaft shank 24 as compared with other 
regions. 

^i%e — shaft — tooth — section and the — hub tooth section shov^n 
in FIGS. — 11 and 12 may be of an involute shape as shown in 

FIG . — lr3^ In F IG . — 3r^-^ — shaft teeth 22c of the shaft tooth 

section -22 and hub teeth 28g of the hub tooth section 28 
contact each other on a reference pitch circle diameter T. 
Therefore;. — t4=ie — shaft — 12 and the hub — 1-4 — can easily bo 
machined into — t^^^e — shaft — tooth s e ction — 25 — a n d th e hub tooth 
section 28^ — respectively^ — by rack - shaped tools^. — and the 
shaft tooth s e ction 22 and the hub tooth section 28 can 
smoothly be brought — into meshing engagement — with each — other . 

According to the first embodiment^ as described above, 
the point PI as a starting point of the first step region 30 
of the shaft 12 and the point P2 as a starting point of the 
second step region 32 of the hub 14 are offset substantially 
horizontally from each other by the distance L4 . 

Therefore, when torque is applied to the shaft/hub unit 
10 wherein the shaft tooth section 22 and the hub tooth 
section 28 mesh with each other, the stresses imposed on the 
shaft/hub unit 10 are distributed to the points PI, P2, 
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thereby relaxing stress concentration. Consequently, static 
mechanical strength and fatigue strength of the area where 
the shaft rooth section 22 and the hub tooth section 28 mesh 
with each other are increased. 

Furthermore, by setting the tilt angle 9 at the 
starting point PI of the first step region 30 to a value in 
the range from 5 degrees to 45 degrees, the tapered surface 
34 of the first step region 30 further relaxes stress 
concentration . 

With the shaft 12 used as a power transmitting shaft 
and the hub 14 as an inner member housed in an outer member 
of a constant velocity joint, when torque is transmitted 
from the power transmitting shaft to the hub 14, stresses 
concentrating on the area where the shaft 12 and the hub 14 
engage each other are appropriately relaxed, allowing the 
drive power to be transm.itted reliably to the outer member 
of the constant velocity joint. 

FI G . — 14 — shows — a shaft/hub unit — 100 which incorporatoo a 
power transmitting mechanism according to q second 

embodiment of the present — invention . FIG . — 15 — shows , — 

enlarged partial longitudinal cross — section in the axial 
direction of the — shaft — IS-?^ — that a pcalc 28a of a hub tooth 
section — 2-8 — which engages — in a valley 22b of a — shaft — tooth 
section 22 , 

In the embodiments to be described below, those parts 
of shaft/hub units which are identical to those of the 
shaft/hub unit 10 according to the first embodiment arc 
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denoted by Identical reference charactcro^ — will not be 
described in detail below. Those parts which operate in the 
same manner as and offer the same advantages as those 
according to the first embodiment will not be described in 
detail below. 

As — ohov^n in FIG. — i&j — a point PI — ±b — established on the 
bottom land of the valley 22b — (valley radius (|)B1) — at a 
position v^hich is displaced horizontally a predetermined 
distance LI tov/ard the shaft shank 24 — from the central point 

PO of the shaft tooth section 22. From the point — — af^ 

arcuat e — region — 130 extends toward the hub tooth — section 28 
and is — joined to the — shaft shank 2 4 , — the arcuate region 130 

having a radius G of curvature. Stated otherwise;. — trhe 

arcuate region — 1-3-0 — ts — formed about a point — P3 — on a base line 
H which — extends — fro m t h e — point — PI — substantia lly 

perpendicula rly t o the hub to oth s ection 28. Insofar as the 

center — P-3 — of the arcuate — region 130 — is placed on the base 
line H;. — the arcuate region 130 may have any arbitrary radius 
— curvature . 

On the pea]c 28a of the hub tooth section 28^ — there is 
establ ishe d a point P2 at a position which is offset a 
predetermined distance L2 — from the point — — in the — shaft 
tooth — section — 2r2 — in a — horiz o ntal — di r ectio n — avaay — from the 

shaft shank 24 . From the point — P^t — the peak 28a changes its 

peak radius ([)B2 to a peak radius — providing a — step 

region — 1-3-3 — with the peak radius (|)B3. ?%te — step — region — 1-3^ 

extends horizontal ly a predetermined distance L3- toward the 
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shaft ohank 2 4 . 

Tho 3tcp region 132 of the hub tooth Dcction 28^ — wh i ch 
io retracted av^ay from the ohaft tooth ocction 22^ — may have 
a olantcd ourfacc or an arcuate curved ourfacc or a compound 

ourfacc having a predetermined radiuo — of curvature. ?%3re 

tilt angle of the otep region 132 starting from the point V2 
i-s — oct as desired complementar ily to — the tilt angle of the 
arcuate region 130. 

The shape of the hub tooth section 28 is not limited to 
the — shape of the — step region — 132^ — but may include a round 
shapc^ — a tapered tape, — or the like hav in g a prcdQtcrmined 

radius of curvature. The valleys 28b of the hub tooth 

section 28 have an inside diameter which remains constant. 
The pea]c 22a of the — shank tooth s ect ion 22 — has an outside 
diameter v^hich may remain consta nt in tho axial — direction, 
as shown in FIGS. — 15 and 16, — or which may progressively 
decrease from an area close to the point PI toward the shaft 
shanlc 24, — ets — shown — in FIG. — ^ 

The valley radius — ^Bi — represent o — a — distance — from the 
central — ax is — of the — shaft — ^2 — to the ' bottom land of the 

valley 22b of the shaft tooth section 22. The peak radii 

(|)B2 , — — represent respective distances — from the — central 
axis of the shaft — — to the top lands — of the peak 28a of the 
hub tooth section 28. 

As can be seen from FIG. — ir&y — the point PI a s a starting 
point where the arcuate region 130 of the shaft tooth 
section 22 starts to rise and the point — P2 — as a — star ting 
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point where — fe^te — otcp region 132 — in the hub tooth oection 28 
GtartG to riae ore offoct — cubotantially horizontally from 
O QGh other by a prcdctorminod diotancc — L2 . 

Thcref orcy — when torque io applied to the ohaft/hub unit 
100 v^herein th e ohaft tooth ocetion 22 — and the hub tooth 
oection 28 meoh with each other^ — oincc — the point — P4 — in the 
shaft — tooth — sect ion — 2*5 — an d — t h e point — P5 — ±-Pt — fehre — hub — tooth 
oection 28 — a^^e — of foot — from each other by the diotance L2^ 
the otreooeo — impooed on the ohaft/hub unit — 100 are 
diotributed to areao — a-&7 — a4 — in the ohaft toot h o ection 22 by 
the arcuate — regio n — 130^ — thereby rcla^cing otrcoo 

concentration and reducing the peak of — otreooeo . Ao a 

reoult — otatic mechanical — otr e ngth and fatigue otrength of 
the area where the ohaft tooth oection 22 — and the hub tooth 
oec tion 28 m eoh w it h — each other arc — incrcaocd . 

As — ohov^n in — FIG , — 1-67 — the pointo — P4rj — J?2 may be 
vertically aligned with each other v^ithout being offoct — from 

each other . With — ouch an arrangement^ — trh-e — arcuate — region 

130 — in — feh^ — ohaft — tooth — oection — ^ — a nd — the — otcp — region — — tn 
the hub tooth — oection 28 — coact v^/ith each other in 
diotributing the otreooeo — applied to — the arcuate region 130 
an d r elaxing — otrcoo — concentration . 

FIG . — 3r^7 — ohowo — a — character io tic curve — J — (brojccn - lino 
curve) — of otreooeo on a comparative ohaft vy^herein the otcp 
region — 3r"S3 — ±-s — Fte^ — formed in the hub tooth oection 28 — and a 
ch a r acteriotic curve K — ( o olid-line curve ) — of otreooeo on a 
ohaft wherein the pointo — P4-7 — P2 arc offoct — from each other 
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by a p r c dQtcr min c d diotanco and the — s t ep region — 132 with the 
starting point — — i-s — formed in the hub tooth ocction 28 > 

A comparioon betvi^^ccn the ' c haracter io tic curve — J and the 
charactcriGtic cu rv e K indicateo that — according to the 
characteriotic curve K of the otructure — ohown in FIG. — 
the peak o f otrcooeo — io distributed to areao aO , — a^^T — a^d 

hence — — reduced — in the — area al . Specif i cally^^ — though the 

otreoo — in the — area aO of the — characteriotic curve K io 
higher than the — otreoo — in the area aO — of the charactcriDtio 
curve — .^7 — oincc — the maximum otreoo — &n — the area al — of the 
characteristic cur v e K io lower than — that of the 
characteriotic curve — ^ — the peak of maximum otresoeo 
produ ce d on th e — ohaf t — 12 — io reduced. 

Streooeo — on a — shaft wherein the — points — E^^t — PS — are 
offset — from each othe r b y a p r edetermined distance — and 
otrcooeo on a — ohaft v^heroin the pointo — E^tt — PS — are not — offset 
f r om e ach other^ — i ■ e . ^ — the distance by v^^hich the points Pl^ 
PS — a^^e — spac e d horiz o n t all y from each — other — i-s — nil — arc — the 
same as — those — of the — charQctcristic — curves — &7 — F shov^n — ifi: 

FIG . — 9 — according to the first embodiment. Therefore , — 

characteriotic curve E reprcoentativc of the shaft v^herein 
the pointo — P4r7 — PS — arc offoet — from e ach other io more gradual 
than — the — characteristic — curve — F — representative — — the — shaft 
wherein the points — — P2 are not offoet from each others 
The offset starting points Pl^ — P2 arc effective in relaxing 
stresses — in the — area where the radii — change . 

If the magnitude of the a p plied load varies through 
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three otagco^ — ± . o . ^ — a low- load — (brokon - lino cu r v e) ^ — a medium 

load — (dot and-daoh line curve) ^ — and a high load — (oolid line 

curve) ^ — then the pealc pointo — e-^ — otrcoocG — reoidc — irB: 
oubotantially the name meaouring pooition D a o — indicated by 
points — h-, — ey — from a lov^ - load charactcriotic curve^ — a 
medium- load character iotic curve , — and a high - load 
charactcriotic curve which corrcopond to the — ab ove — ot age o , 
reapectively — as w i th the first embodiment — ( see — FIG . — 10 ) , 

FIGS . — i-8 — and 19 are enlarged partial — longitudinal 
crooG - sectional — views — showing the manner — in which the peak 
28a of the — h ub tooth — s ection — — con tact g — th^ — v alley — 2 2b of 
the shaft tooth section 22 at the time the shaft — 12 and the 

hub 14 — arc assembled together. 54^^ — o p e rat io n an d a dvantages 

of the shaft/hub unit — 100 are identical to those of the 
shaft /hub — unit — 1-0 — according — te — feh^ — first — embodiment ^ — and 
will not be described in detail below. 

According to the second embodiment — t h e p oint — PI as a 
starting point — of the arcuate region — 1-3-0 — of the — shaft — 1-3 — etPtdt 
the — point — P5 — a-s — a — starting point — — the — step — region — 3r3~2 — 
the hub — 14 — are offset — substantially horizontally from each 
other by the — distance L2 . 

Therefore ^ — when torque — is applied t o the — shaft/hub unit ' 
100 — wherein — t he — shaft — t o oth — sec ti o n — 2^ — and the — hub — tooth 
s e ction 28 mesh with ea c h other ;. — the stresses — imposed on the 
shaft/hub unit — 100 are distributed to the areas — — a4 — 
the shaft tooth section 2 2 by the arcuate region 130^ 
thereby relaxing — stress — co n ce ntration and redu cing the pealc 
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of otrcoGGG — in the area al. Ao a — rcoult ^ — oincc — otrcoo 

concentration io — relaxed, — otatic mechanical — strength and 

fatigue — strength — — th^e — area — where — t he — shaft — tooth — section 

— and the hub tooth section 28 mesh v^ith each other arc 
increased^ 

FIG . — 2-0 — shows — a — shaft/hub unit — 3-0^ — which incorporates a 
povjcr t ra nsmit t ing mec hanism according to — a — third embodiment 

of the present — invention . FIG . — 21 shov^^s^ — in enlarged 

partial longitudinal cross section in the axial direction of 
the — shaft — ±^ — that — a pea k 28a of a hub tooth — section 28 
engages — i« — a — valley — ^^te — — a shaft — tooth — section — 22 . 

A point — E^i — irs — established on the bottom land of the 
valley 22b at a position v^hich is displaced horizontally a 
predetermined distance LI — toward the — shaft — shanic 2 4 — from the 
central — point — PO of the — shaft — shanic section — 2-2 — on the bottom 

land of — the — valley — 22b — (valley radius — (|)C1 ) , From the point 

— th e r adiu s of the bottom land of the valley 22b is 
progressively increased toward the hub tooth section 28^ 
p r oviding a — tapered region — 3-3-9 — tilted at — a pre determined 

angle 9. The tapered region 230 — extends tovy/ard and is 

joined to the shaft shank 2 4 . 

The peak 22a of the shank tooth section 22 has an 
outside — diameter which may rem ain constant — in the — axial 
direction^ — ers — shown in FIG. — 2Arj — or which may progressively 
decrease — from an area close to the point — Pi — toward the shaft 
shank 2 4 , — as shown in FIG. — 

With the — outside — diameter of the pealc 22a progressively 
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dccrcQoing toward t h e s haft ohank 2A , — — ohaft tooth 
ocction 22 can easily be manufa c tur e d by rolling r a cko^ — ans- 
dcocribcd later on^r — and the — function — of the — shaft tooth 

section 22 to transmit torque is not — lowered . In FIG. — S-S^- 

the — reference — character — — represents — a horizontal — line to 
be compared with a — change — (reduction) — in the outside 
diameter of the peak 22a, 

On the pealc 28a — of the hub tooth — secti o n 2d> ^ — there — ±^ 
established a point P2 at a position which iS ' offset a 
predetermined distance L2 — from the point — P4 — in the — shaft 
tooth section 22 — in a horizontal direction away from the 

shaft — shan lc 2 4 . F ro m ^ the point — — th e pealc 28a — c h a ng es — i-es- 

p e ak r adi us (1) 0 2 — t o a peak radius ^C3 ^ — providing a step 

region 232 with the peak radius (|)C3, — step region 232 

extends horizontally a predetermined distance L3 toward the 
shaft shank 2 4. 

The step region 232 of the hub tooth section 28 may 
have — a — slanted surface or an arcuate — curved surface or a 
compound surface having a predetermined radius — of curvature. 
The — tilt angle — e-f — trhe — step region 232 — starting — from the 
point — — iis — set as desired ' complementarily to the tilt angle 

Q of the tapered region 230. The shape — of the hub tooth 

section 28 — i^s — B-o-t — limited to the shape of the — step region 
2 32 ^ — but may include — a — round shapc^ — a — tapered tapC;^ — or the 

like — having a predetermined radius of — curvature . The 

valleys 28b of the hub tooth section 28 — have an inside 
diameter v/hich remains — constant . 
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The vall e y radius (|)C1 — rcprcocntG — a diotancc from the 
central qxIg — of the — shaft — 12 to the — bottom land of the 

vall e y 22b of the — ahaf t — tooth Goction — 2-3^; The pealc radii 

(|)C2 f — — rcprooont — roo p cctivc diotanceo — from the central 
axio of the — ohaf t — i-2 — to the top lando — of the peak 28a o f the 
hub tooth oect i on 28, 

As — can be — Gcen — fr om FI G . — 3-dr7 — the point — P4 — a-s — a — s t art ing 
point v^^here the — straight tapered region 230 of the — shaft 
tooth sect io n 22 — starts to rise and the point — P2 as a 
starting point v^here the step region — 3-3-2 — in the hub tooth 
section 28 — star ts — tro — rise arc — offset — substa ntial ly 
horizontally from each other by a predetermined distance L2 . 

Therefore ^ — when torque is applied to the shaft/hub unit 
200 v^hercin — the — shaft — tooth section — S5 — and the hub tooth 
se cti o n 28 mesh v^ith each other, — since the point — P4 — in the 
shaft tooth section 22 and the point — — in the hub tooth 
section 28 — are offset — from each other by the distance L2, 
the stresses — imposed on the shaft/hub unit 200 are 
distributed to the points — P^tt — P5-^^ — thereby relaxin g — stress 

concentration . As a result;. — static mechanical — strength and 

fatigue strength of the area where the shaft tooth section 
22 and the hub tooth s e ction 28 mesh vy^ith-each other are 
increased . 

By making the rise angle 6 of the tapered region 230 
smaller;, — the area of the tapered region 230 as a stress 
acting surface can be increased for more — stress — relaxation . 

— relationship betv^een the — rise — angle Q of the 
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tapered region 230^ — otreoo — relaxation^ — and productivity io 

ohown in FIG. — 2rd~. It can be occn from FIG. — 23 that otreoD 

relaxation and productivity ar c go od — (oec symbol — - O" ) if 
t^^te — rise angle 9 io set to a value in the range — from 6 
dcgreeo to — &% — degreoo;, — and optimum — ( oec — pymbol — ^i-^iL.) — if the 
rioc angle 9 io act to a value in t he range from 10 degreeo 
t-e — 3 0 dcgrcoG . 

If the rioe angle 9 io oet to a value leoo than 6 
dcgreeo ^ — Be — oufficicnt otrcoo — diotribution capability io 

available . i-^ — th-e — rioe angle 9 io — s-e^fe — to a value — in e^cccoo 

— &h — degrees ^ — — i ncxpcnoivc — rolling proccoo — usi ng — rolling 
rackS;. — to be described latcr^. — cann ot be employed^ — and 
productivity io — lov>/cred. 

FIG . — 2A — ohowo — a character iotic — curve M — (brolccn - line 
curve ) — e-^ — stresses — on a comparative — shaft v^hcrein the 
tapered region 230 — and the step region 232 — are not — formed in 
t4=te — shaft tooth oection 22 and the hub tooth section 28 and 
a characteristic curve N — ( oolid - linc — curve ) — — otreosco — on- a 
shaft — wh e r e in — t he — points — P4ry — P3 — a~^e — not — offs e t — from ea ch 
other;. — but vertically aligned with each other and the — step 

region 232 — i-s — formed. It can be occn from FIG. — 3-4 — that 

according to the characteristic curve N representing the 
sh a ft v^/h crc in — the point s — B4rj — P2 — a^e — fte^fe — offset — from each 
other> — the peak of — stresoeo — ±rs — lov^;er and the concentration 

— otreooeo — i-s — leoo — intenoive than according to the 
char act or iotic — curve M repreoenting the comparative — ohaf t ^ 
but — more — stresses — concentrate — on an — area — where — the — points 
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■Pi-T — r2 arc vertically aligned with each other — (occ a portion 
a in FIG. 24) . 

In FIG. — 2r8-, — a character lot ic curve Q rcprcoonts 
otrcooeo on the ohaft having the otructure — ohov^n in FIG. — ^ 
wherein the tapered region 230 and the — otep region 232 — a-*^ 
formed reopectively in the ohaft tooth section 22 — and the 
hub tooth oection 28^ — and the PI aa — a otarting point of the 
tapered region 230 and the point P2 — a^3 — a otarting point of 
the otep region 232 are offoet — from each other horizontally 

by a predetermined diotance L2 . Pfe — can bo undorotood from 

FIG . — 2r% — that according to the charactcriot ic curve 
otrcooeo in the area v^i^here the p o into Pl^. — P 2 are offoet from 
each other — (oec a portion P — — FIG . — 25) arc — Icoo — intenoivc 
than according to the character iotic curve M repreocnting 
th e — otructure — v^/hcrcin — t^ite — pointo — P-3r7 — P-3 — arc — n o t — offo e t — from 
each other. 

F I G . — 26 ohowo a characteriotic curve R — ( oolid-l i ne 
curve ) — — otrcooeo on a — ohaft wherein the point — P4 — in the 
ohaft — tooth oection 22 — a nd th e point P2 — in t he hub tooth 
o ec tion 28 — are offoet — from each other by a predetermined 
diotance^ — and a chara c teriotic curve S — (broken - line curve) 
of otrcooeo on a ohaft wherein the pointo — P^t — P5 — are not 
offoet — from each othcr^ — i , c . ^ — the diotance by v^hich the 
pointo — P4r7 — P5 — are opaced horizontally from each other io 

A comparioon — — offoet — and — offoet — free — portiono — ( oec 

p ortiono y — i-fi — FI G . — 2-€^ — ohovv'o — that — thre — characteriotic — curve M 
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of the shaft wherein the starting point- PI in the shaft 
tooth section and the — starting p oint — P5 — in the hub tooth 
section arc offset — from each other is more — gradual — than the 
characteristic curve N wherein the starting points — P4rj — 

are not — offset — from each other. — offset — starting points 

— P2 are effective in relaxing stresses — in the area where 
t^re — radi i — change . 

The peak points of stresses reside in substantially the 
same measuring position D as — indicated by points a^ — ^7 — e-r 
from a lov^ - load characteristic curve^ — a medium - load 
characteristic curve — and a high - load characteristic curve 
Vv^hich correspond to the above stages^ — respectively^ — as viith 
the first embodiment — (see FIG. — 10) . 

FIGS . — 3-^7 — and 28 — are enlarged partial — longitudinal 
cross ■■■ •sectional — vievv^s — showing the manner in which the peak 
28a of the hub tooth section 28 — contacts the valley 22b o f 
the shaft tooth section 22b at the time the shaft 12 and the 

hrute — 3r4 — are assembled together. The o per a tion and advantages 

-Q^ — t-he — shaft / hu b — unit — 2-9-G — are — identical — fee — those — ef — the 
shaft/hub unit — 1-Q — according to — the first — embodiment^ — an^ 

will — not be described in detail below. — shaft tooth 

s e ction and the hub tooth secti o n may be of — an involute 
shape — — sh o wn — 4rB — FI G . — 

According to — t^^te — third embodiment^ — the point — PI as a 
s t art i n g p o int of the tapered region 230 — of the — shaft 12 and 
the point — PS — 6te — a — starting point of the — step — region 232 — 
the hub — 3r4 — are offset — substantially horizontally from each 
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Other by the diotancG L2 . 

Therefore^ — when torque is applied tO ' the shaft/hub unit 
200 v^hercin the — ohaft tooth ocction 22 — a nd t h e h ub tooth 
ocction 28 mcah with each other, — tfee — otreoGoo — impooed on the 
5 ohaft/hub unit 200 arc distributed to the pointG — E^^t — PS-^ 

thereby relaxing otreso concentration, Ac a reoult, — otatic 

mechanical — o tr cngth and — fatigue — Gtrcngth of t he — area vv^hcrc 
the ohaft tooth — aection 22 — and the hub tooth ocction 28 meoh 
v^rith each other are — incrcaoed . 

10 With the — ohaft — 12 — uocd ao a power t ranomitt ing ohaft 

and the hub — 1-4 — a-s — a« — inner mei nb c r houoed in — an oute r membe r 
of a conotant velocity joint, — when torque io tranomitted 
from the pov^er tranomitting ohaft to — the hub 1 4 ^ — otreooeo 
concentrating ■ on — the — area where the — ohaft — 3r5 — and the — hub — ^4 

15 engage each other ar e — appropriately — relaxed, — allov^ing the 

drive power to be tranomitted reliably to ■ the out e r member 
of the conotant velocity joint. 

FIG. 13 ^ shows a shaft /hub unit 100 which 
incorporates a power transmitting mechanism according to a 

20 fourth second embodiment of the present invention. FIG. 14_ 

^ shows, in enlarged partial longitudinal cross section in 
the axial direction of the shaft 112 that a peak 128a 

2 8 a of a hub tooth section 12 8 S-8- engages in a valley 122b 
22b of a shaft tooth section 122 3^. 

25 As shown in FIG. 14^ the valley 122b 2^ of the 

shaft tooth section 122 ^ has a step region 130 
extending horizontally a predetermined distance toward the 



MARKED -UP VERSION OF 
SUBSTITUTE SPECIFICATION 

shaft shank 124 -2^ and raised from a point PI, which is 
displaced a predetermined distance from the central point PO 
toward the shaft shank 124 toward the hub tooth section 

128 -2-8- obliquely at a predetermined angle. 

The step region 130 3^-0- extends horizontally a 
predetermined distance from the central point P2 and is 
joined to the shaft shank 124 2-4. Stated otherwise, the 
radius of the shaft tooth section 122 -25- changes from a 
valley radius (|)D1 at the valley 122b 22b to a valley radius 
(|)D2 at the step region 130 33^, 

The step region 130 may have a slanted surface or 

an arcuate curved surface or a compound surface having a 
predetermined radius of curvature. 

The peak 122a, 222a of the shank tooth section 122, 

222 2^ has an outside diameter which remains may remain 
constant in the axial direction, as shown in FIGS. 14 and 15 
30 through ■ 33 , — or v^^hich may p r ogressively decrease — from an 
ar e a — close — fee — the — point — Pi — toward the — shaft — shanJc — 24-?^ — a-s- 

shown — ir^ — FI G . — 3-4-^ W ith the outside — diam e ter of the peak 22a 

progressively decreasing toward the — shaft shank 24, — 

shaft tooth section 22 can easily be manufactured by rolling 

racks , — &-s — described later on, — and the — fun c tion of the — shaft 

tooth — sect i on 2 2 — to transmit — torque — irs — firefe — lov^crcd > tn — FIG . 

54-7 — the reference — character "H" — represents a horizontal — line 
to be compared vj^ith a change — (reduction) — in the outside 
diameter of the peak 22a . 

The peak 128a Qr&et of the hub tooth section 128 -2^ has 
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its outside radius (|)D3 remaining constant in the axial 
direction of the hub 114 iAr, and the valley 128b (FIGS. 17- 

18 ) 28b of the hub tooth section 128 ^ also has its inside 
radius (|)D4 remaining constant in the axial direction of the 
hub 114 i4-. 

The valley radii (t)Dl, ^D2 represent a distance from the 
central axis of the shaft 1_12 to the bottom land of the 
valley 122b of the shaft tooth section 122 The peak 

radius (j)D3 represents a distance from the central axis of 
the shaft 112 iS- to the top land of the peak 128a SrS^ of the 
hub tooth section 12 8 2-8-. 

Therefore, when torque is applied to the shaft/hub unit 
100 -3-0-0- wherein the shaft tooth section 122 -S-S- and the hub 
tooth section 128 -2^ mesh with each other, stresses applied 
to the shaft/hub unit 100 3-0-9- are distributed to an area Tl 
of the hub tooth section 128 S-8- which faces the point PI in 
the shaft tooth section 122 -3-2- and an area T2 of the hub 
tooth section 128 S-8- which faces the step region 130 -33^ of 
the shaft tooth section 122 2^, so that the concentration of 
stresses is relaxed (see FIG. 1^ -3-0-) . 

As a result, since the concentration of stresses is 
relaxed, but stresses are distributed, static mechanical 
strength and fatigue strength of the area where the shaft 
tooth section 122 3^ and the hub tooth section 12 8 2r8- mesh 
with each other are increased. 

In FIG. 15_ -3^, a right-angled triangle formed by 
interconnecting points PI, P2 ' , P3 in the valley 222b 3-2fe of 
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the shaft tooth section 222 may have its cross-sectional 
area increased, and the angle 6 formed between a line 
segment P13 interconnecting the points PI, P3 and a line 
segment P12 * interconnecting the points PI, P2 * , i.e., the 
tilt angle 6 of the step region 230 330 ,. may be set to a 
small value for further relaxing stress concentration with a 
first tapered surface 232 332 of the step region 230 330 . 

The relationship between the tilt angle 6 of the step 
region 230 5^ (first tapered surface 232 ^^S-) , stress 
relaxation, and productivity is shown in FIG. 1^ It can 

be seen from. FIG, 1^ 5-& that stress relaxation and 
productivity are good (see symbol "O") if the tilt angle 6 
is set to a value in the range from 5 degrees to 45 degrees, 
and optimum (see symbol "@") if the tilt angle 0 is set to 
a value in the range from 10 degrees to 35 degrees. 

If the tilt angle 9 is set to a value less than 5 
degrees, no sufficient stress distribution capability is 
available, and it is difficult to manufacture the shaft 
tooth section 222 3-3- with rolling racks, to be described 
later. If the tilt angle 9 is set to a value in excess of 
45 degrees, excessive stresses concentrate on the step-like 
step region 230 5-3-0-, and the durability of rolling racks 
used to manufacture the shaft tooth section 222 -3^ is 
reduced . 

An ordinary shaft/hub spline fitting arrangement which 
is free of the step region 130, 230 330 has a stress peak 
point produced in the vicinity of the shaft shank 124, 224 
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5-4. According to the second fourth embodiment, however, the 
step region 130 , 230 330 is provided in the shaft tooth 
section 122, 222 S-^ to allow some stresses to concentrate on 
the hub tooth section 12 8, 22 8 3^ facing the point PI, thus 
distributing stresses that tend to concentrate on the shaft 
shank 124, 224 34-. If the tilt angle 9 of the step region 
130, 230 3^ in the shaft tooth section 122, 222 23- is set 
to too a large value, e.g., 90 degrees, for example, then 
excessive stresses concentrate on the hub tooth section 128 , 
228 -2-8- facing the point PI, failing to provide a stress 
distributing (stress relaxing) capability. By setting the 
tilt angle 6, i.e., the rise angle, of the step region 130 , 
230 -3-3-9- to an appropriate value, the concentration of 
stresses in the vicinity of the shaft shank 124, 224 -S^- is 
suitably distributed to reduce stresses at the peak point. 

As — shown in FIG. — drOr-, — in q h u b 1 4a — engaging the — shaft 
tooth section 22, — a point — P4 may be ootabliohcd as a rising 
point on the pcalc 28a of the horizontally c^ctonding hub 
tooth — section — 3^-^^ — and — a — second tapered — surface — 3^-4 — may be 
formed as — extending — from the point P 4 — toward the — shaft — shank 

OA — obliquely at a predetermined angle. ?%e — second tapered 

surface 33 4 — ±-s — formed so as to face the point — PI as a 
starting point — — t^he — stop — region — 3-3-0 — arn — th e — shaft — tooth 
section 22 — and the — first — tapered surface — 3^-2 — therein, — a^idr 
hrecB — irts — rudius — increasing from a pcalc radius (|)D5 to a peak 
radius (|)D6 — in a direction av^/ay from the shaft tooth section 
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The point — F^^ — ae — a otarting point — of the — otcp region — 3-5^ 
( first ■ tap e red our face — 332 ) — in the ohaft tooth oection 22 
and the point — PA — a-s — a — starting point — of th e — s ec ond tapere d 
ourfacc 33 4 — in the hub tooth ocction — 28 may be offset — from 
each oth er b y a predetermined distance in the axial 
direction of the — shaft — i-S-T — or the points — Mtt — P 4 may be 

aligned Vv^ith each — other , With — suc h — an arrangement^ — th^e — step 

region 330 — in the shaft tooth section 22 and the second 
tapered surface — — in the hub tooth — section 28 — coact v^ith 
each other — in distributing the streooes — applied to the 
second t apered surface — ^rSA — and rcla:^cing — stress 
con ce ntration , 

Theref orC;. — when torque — is applied to the — shaft/hub unit 
300 wherein the — shaft tooth section — — and the hub tooth 
section — 3-8 — having — t h e — second tapered — surface — 3^-4 — mesh with 
each othcr^ — t-h^ — stresses — imposed on — feh^^ — shaft/hub unit — 3-0-9- 
arc distributed ■ by the — second tapered surface — 3^4 — to an area 
U-1 — of the hub tooth — section 28 which — faces — the point — Pi — irft 
the — shaft — tooth — section — 2-3 — and ■ an a rea — U-2 — of the — hub — tooth 
section — 2-8 — which — faces — the point — P3-^ — ifi — the — shaft — tooth 
section 22^ — so that — thte — concentration of ■ st res s es — i-s — relaxed 

and the peak of stresses is reduced. As a result, — the first 

tapered — surface — 3-3^ — tn — th^ — hub — to o t h — section — 2-8 — i-e — effective 
ift — increasing — static m.cchanical — strength and — fatigue 
st re ngth of the area whore the shaft — tooth section 22 and 
the hub tooth — section 28 mesh with each other. 

As — s h o w n — ift — FIG . — 3-3-^ — in a hub 1 4 b engaging the — shaft 
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■ tooth OQCtion 22 f — a point P5 may be — cptab liahcd ao a rlolng 
point on the pcalc 28a of the horizontally extending hub 
tooth Gcction 28;. — and ■ an arcuate — our face — 336 having a 
predetermined — radius — R of — curvature — may be — formed ao 

extending from the p o int — P 5 t oward the shaft — shank 2 4 . ^I%e 

arcuate — surface — 336 is — formed so as — to face the point — PI as 
e — starting point — — th^ — step — region — — in the — shaft tooth 
section 22 — and the — first tapered surface — — therein^. — and is 
retracted away — from the shaft tooth — oection 22, 

The point — PI as a starting point of the — step region 330 
( first — tapered — surface — 332 ) — in the — sh aft — tooth — section 22 
and the point — P5 — as a starting point — of the arcuat e surface 
336 in t h e hub t oo th section 28 may be offset from each 
other by a predetermined distance in — the axial direction of 
the shaft — V2r-, — or the points — P^tt — P5 may be aligned v^ith each 

other . With such an arrangement — the step region 330 — in the 

shaft tooth section 22 and the arcuate surface — 336 in the 
hub tooth section 28 — coact w ith each other in distributing 
the stresses applied to the arcuate — surface — 336 and relaxing 
stress — concentration . 

Therefore, — when torque is applied to the shaft/hub unit 
300 wherein the — shaft tooth section — 22 and the hub tooth 
section — — mes h — with — each othcr^ — t4=te — stresses — imposed on the 
shaft/hub unit — 3-9^ — are distributed by^ the arcuate surface 
336 to an area VI — of the hub tooth section 28 which faces 
the point PI in the shaft to o th section 22 and an area V2 of 
the hub tooth — se ctio n 28 — which — faces — the point — E^2-^ — in the 
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Ghaf t — tooth — ocction 22^ — oo that the — c o nc e ntration of 

otrooGOO — i-s — relaxed and the peak of — stregoeo — irs — reduced . 

a — r e s ult — fe^i-e — a r cuate — s urfa ce — 336 i n — the hub tooth section 
3-8 — iis — effective — in increasing static mechanical — strength and 
5 fatigue — strength of the area where the — shaft — tooth — section 
3-3 — and the hub tooth section 28 mesh — with each other. 

A characteristic curve A (broken-line curve) of 
stresses on a comparative shaft wherein the step region 130 ^ 
230 33 0 is not formed in the shaft tooth section 122^ 222 3-3- 

10 and a characteristic curve B (solid-line curve) of stresses 

on a shaft wherein the step region 130 ^ 230 330 starting 
from the starting point PI is formed in the shaft tooth 
section 122^ 222 3^, are identical to those shown in FIG. 7 
according to the first embodiment. It can be understood 

15 that a comparison betv-/een the characteristic curve A and the 

characteristic curve B indicates that according to the 
characteristic curve B which represents the structure having 
the step region 130^ 230 330 the peak of stresses is 
reduced and the concentration of stresses is relaxed, 

20 A characteristic curve C of stresses on a shaft wherein 

the tilt angle 9 of the step region 130^ 230 330 is smaller 
than with the characteristic curve B is identical to that 
shown in FIG. 8 according to the first embodiment. It can 
be understood that the first tapered surface 232 332 with 

25 the smaller tilt angle 9 is effective in more stress 

relaxation . 

The peak points of stresses imposed depending on 
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applied loads reside in substantially the same measuring 
position D as indicated by points a^- b, Of as with the first 
embodiment (see FIG. 10). 

FIGS. 17 and 18 36 and 37 are enlarged partial 
longitudinal cross-sectional views showing the manner in 
which the peak 128a, 228a Sfe of the hub tooth section 128, 
228 OS- contacts the valley 122b, 222b 2^ of the shaft tooth 
section 122, 222 ^2- at the time the shaft 112, 212 i2- and 
the hub 114 , 214 i4 are assembled together. The operation 
and advantages of the shaft/hub unit 100 300 are identical 
to those of the shaft/hub unit 10 shown in FIGS. 11 and 12, 
and will not be described in detail below. 

A process of manufacturing the spline teeth 120, 220 S-Q- 
of the shaft tooth section 122, 222 3-2- will be described 
below . 

As shown in FIG. 19_ a rod-shaped workpiece 42 which 

has been machined into a predetermined shape by a tool in a 
previous machining process is inserted between upper and 
lower rolling racks 40a, 40b each made of a hard material 
and having a substantially rectangular shape. While the 
rolling racks 40a, 40b are being pressed against the 
workpiece 42, the rolling racks 40a, 40b are displaced in 
opposite directions indicated by the arrows by an actuator 
{not shown) to form splines on the outer circumferential 
surface of the workpiece 42. 

The spline teeth 120, 220 QrQ- of the shaft tooth section 
122, 222 -3^ can thus easily be formed by the above rolling 
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process. Tool grooves (tool marks) having a depth of about 
50 \im are formed in the top lands of the spline teeth 120^. 
220 5^ of the shaft tooth section 122, 222 2^ by the tool in 
the previous machining process. 

The rolling process can form the spline teeth 126, 226 
in shorter cycles and allows the rolling racks 40a, 40b 
to have a longer service life than a pressing process 
(forging process). According to the rolling process, the 
forming teeth of the rolling racks 40a,. 40b can be polished 
again for reuse. The rolling process is more advantageous 
as to cost from the standpoints of service life, forming 
cycle, and rack reusability than the pressing process 
(forging process) . 

However, since the spline teeth are form.ed by a 
material flow toward the top lands thereof in the rolling 
process, the top lands of the spline teeth formed by the 
rolling process may not necessarily be uniform in shape. 

While this invention has been described in conjunction 
with the exemplary aspects outlined above, various 
alternatives , modifications , variations , improvements , 
and/or substantial equivalents, whether known or that are or 
may be presently unforeseen, may become apparent to those 
having at least ordinary skill in the art. Accordingly, the 
exemplary aspects of the invention, as set forth above, are 
intended to be illustrative, not limiting. Various changes 
may be made without departing from the spirit and scope of 
the invention. Therefore, the invention is intended to 
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embrace all known or later-developed alternatives^ 
modifications^ variations, improvements^ and/or substantial 
equivalents . 
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POWER TRANSMISSION MECHANISM OF SHAFT AND HUB 
CROSS-REFERENCE TO RELATED APPLICATION 

This application is a National Stage entry of 
International Application No, PCT/ JP2 00 4/01108 0, filed 
5 August 3, 2004^ the entire specification claims and drawings 

of which are incorporated herewith by reference. 
TECHNICAL FIELD 

The present invention relates to a power transmitting 
mechanism for transmitting torque smoothly between two 
10 members comprising a shaft and a hub. 



BACKGROUND ART 

On motor vehicles such as automobiles/, there have been 
employed a set of constant velocity joints for transmitting 

15 drive power from an engine through a shaft to axles. Each 

constant velocity joint comprises an outer member, an inner 
member, and a torque transmitting member disposed between 
the outer and inner m.embers for transmitting torque between 
the outer and inner members. The constant velocity joint 

20 includes a shaft/hub unit having a tooth assembly which 

comprises a shaft tooth section on the shaft and a hub tooth 
section on a hub, the shaft tooth section and the hub tooth 
section being held in mesh with each other. 

In recent years, there have been demands for efforts to 

25 reduce circumferential backlash of constant velocity joints 

which is caused by the chattering of the power transmitting 
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system. Heretofore, attempts have been made to reduce 
backlash between the inner ring and the shaft with a 
constant velocity joint having shaft serrations tilted at a 
torsional angle. Depending on the direction of the 
torsional angle and the direction of the torque load, the 
mechanical strength and service life of the inner ring and 
the shaft are likely to vary from product to product. 

In the art of gears, technical concepts for crowning 
tooth surfaces have been disclosed in Japanese Laid-Open 
Patent Publication No. 2-62461, Japanese Laid-Open Patent 
Publication No. 3-69844, and Japanese Laid-Open Patent 
Publication No. 3-32436, for example. 

The applicant of the present application has proposed a 
spline shaft wherein the crowning top is positioned where 
the stress is minimized when torque is applied to a region 
where the spline shaft and a constant velocity joint mesh 
with each other, thereby preventing the stress from 
concentrating on certain regions and simplifying the overall 
structure of the spline shaft (see Japanese Laid-Open Patent 
Publication No. 2001-287122) . 



SUMMARY OF THE INVENTION 

It is a general object of the present invention to 
provide a power transmitting mechanism for a shaft and a 
hub, which is designed to prevent stresses from 
concentrating on certain regions for increased static 

m.echanical strength and fatigue strength. 
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According to the present invention, when torque is 
applied to a portion between a shaft and a hub wherein a 
shaft tooth section and a hub tooth section are held in mesh 
5 with each other, by increasing the outside diameter of a 

valley of the shaft tooth section, which is a stress 
concentrating region, the stresses are distributed and 
strength of the shaft is increased. 

Further, according to the present invention, since a 

10 changing point of the outside diameter of the valley of the 

shaft tooth section and a changing point of the inside 
diameter of a peak of the hub tooth section are offset from 
each other by a predetermined distance, the stresses imposed 
on the shaft tooth section are distributed to one changing 

15 point and the other changing point, thereby relaxing stress 

concentration. As a result, the stress concentration is 
relaxed and distributed, thus increasing static mechanical 
strength and fatigue strength of the area where the shaft 
tooth section and the hub tooth section mesh with each 

20 other. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view, partly cut away, of a 
shaft/hub unit which incorporates a pov^er transmitting 
25 mechanism according to a first embodiment of the present 

invention; 

FIG. 2 is an enlarged partial transverse cross- 



-4- 

CLEAN VERSION OF 
SUBSTITUTE SPECIFICATION 

sectional view showing a shaft tooth section and a hub tooth 
section which are held in mesh with each other in the 
shaft/hub unit shown in FIG. 1; 

FIG. 3 is an enlarged partial longitudinal cross- 
sectional view in the axial direction of a shafts showing a 
peak of the hub tooth section which engages in a valley of 
the shaft tooth section shown in FIG. 1; 

FIG. 4 is an enlarged partial longitudinal cross- 
sectional view showing a tapered surface of a first step 
region slanted at a smaller tilt angle 0 of the shaft shown 
in FIG. 3; 

FIG. 5 is an enlarged partial longitudinal cross- 
sectional view showing a tooth of the shaft tooth section 
whose outside diameter varies toward a shaft shank of the 
shaft shown in FIG. 4; 

FIG. 6 is a diagram showing the relationship between 
the tilt angle 0 of the first step region of the shaft tooth 
section, stress relaxation, and productivity; 

FIG, 7 is a graph showing the relationship between 
stresses developed on the shaft and positions where the 
stresses are measured with respect to a shaft wherein a 
first step region and a second step region are not formed in 
a shaft tooth section and a hub tooth section and a shaft 
wherein a first step region and a second step region are 
formed in a shaft tooth section and a hub tooth section; 

FIG. 8 is a graph showing the relationship between 
stresses developed on the shaft and positions where the 
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stresses are measured with respect to a shaft wherein a 
first step region is slanted at a much smaller tilt angle 6; 

FIG. 9 is a graph showing the relationship between 
stresses developed on the shaft and positions where the 
stresses are measured, with respect to a shaft wherein a 
changing point of the diameter of a shaft tooth section and 
a changing point of the diameter of a hub tooth section are 
offset from each other and to a shaft wherein a changing 
point of the diameter of a shaft tooth section and a 
changing point of the diameter of a hub tooth section are 
not offset from each other; 

FIG. 10 is a graph showing the relationship between 
stresses developed on the shaft and positions where the 
stresses are measured when the stresses are produced in 
response to an input load imposed at the time torque is 
applied; 

FIG, 11 is an enlarged partial longitudinal cross- 
sectional view taken along line XI - XI of FIG. 3; 

FIG. 12 is an enlarged partial longitudinal cross- 
sectional view taken along line XII - XII of FIG. 3; 

FIG. 13 is a perspective view, partly cut away, of a 
shaft/hub unit which incorporates a power transmitting 
mechanism according to a second embodiment of the present 
invention; 

FIG. 14 is an enlarged partial longitudinal cross- 
sectional view in the axial direction of a shaft, showing a 
peak of a hub tooth section which engages in a valley of a 
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shaft tooth section shown in FIG. 13; 

FIG. 15 is an enlarged partial longitudinal cross- 
sectional view showing a first tapered region having a small 
tilt angle 9 in a step region of the shaft shown in FIG. 14; 

FIG. 16 is a diagram showing the relationship between 
the tilt angle 6 of the step region of the shaft tooth 
section, stress relaxation, and productivity; 

FIG. 17 is an enlarged partial longitudinal cross- 
sectional view taken along line XXXVI - XXXVI of FIG. 14; 

FIG. 18 is an enlarged partial longitudinal cross- 
sectional view taken along line XXXVII - XXXVII of FIG, 14; 
and 

FIG, 19 is a fragmentary perspective view showing the 
m.anner in which the spline teeth of a shaft tooth section 
are formed by rolling racks. 

BEST MODE FOR CARRYING OUT THE INVENTION 

FIG. 1 shows a shaft/hub unit 10 which incorporates a 
power transmitting mechanism according to a first embodiment 
of the present invention. The shaft/hub unit 10 serves as 
part of a constant velocity joint. The shaft/hub unit 10 
comprises a shaft 12 functioning as a povier transmitting 
shaft and a hub 14 functioning as an inner ring that is 
disposed in openings in an outer cup (not shown) and has 
guide grooves 15 receiving therein balls (not shown) . 

The shaft 12 has fitting portions 18 on its respective 
opposite ends each fitting in an axial hole 16 in the hub 
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14. In FIG, If only one end of the shaft 12 is shown, with 
the other end omitted from illustration. The fitting portion 
18 has a shaft tooth section 22 comprising a plurality of 
straight spline teeth 20 which have a predetermined tooth 
length in the axial direction of the shaft 12 and which are 
formed successively in the circumferential direction of the 
shaft 12, Specifically^ the shaft tooth section 22 comprises 
a circumf erentially alternate succession of convex peaks 22a 
(the other embodiment of which is illustrated in the 
appropriate figures with the following corresponding 
reference number 22a') and concave valleys 22b. As shown in 
FIG. 2, the peaks 22a of the shaft tooth section 22 have 
substantially the same tooth thickness, and extend 
substantially parallel to the axis of the shaft 12 (see FIG. 
1) . 

The shaft 12 has a shaft shank 24 extending from an end 
of the shaft tooth section 22 which is closer to the center 
of the shaft 12. A retaining ring (not shown) is mounted in 
an annular groove (not shown) defined in the end of the 
shaft 12 for preventing the hub 14 from being released from 
the shaft 12. 

The hub 14 has, on the inner circumferential surface of 
the axial hole 16, a hub tooth section 28 having a plurality 
of straight spline teeth 26 that fit in the fitting portion 
18 of the shaft 12. Specifically, the hub tooth section 28 
comprises a circumf erentially alternate succession of convex 
peaks 28a and concave valleys 28b. As shown in FIG. 2, the 
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peaks 28a have substantially the same tooth thickness and 
extend substantially parallel to the axial direction of the 
shaft 12. 

FIG, 3 shows^ in enlarged partial longitudinal cross 
5 section in the axial direction of the shaft 12, that a peak 

28a of the hub tooth section 28 engages in a valley 22b of 
the shaft tooth section 22, In FIG. 3, a position 
corresponding to an axially central point of the shaft tooth 
section 22 is represented by PO . 

10 A point PI (changing point) is established on the 

bottom land of the valley 22b at a position which is 
displaced horizontally a predetermined distance Ll toward 
the shaft shank 24 from the central point PO of the shaft 
tooth section 22 on the bottom land of the valley 22b 

15 (valley radius <^A1) , From the point PI, the bottom land of 

the valley 22 is raised radially outwardly toward the hub 
tooth section 28, providing a first step region 30 having a 
valley radius (t)A2 . The first step region 30 extends 
horizontally a predetermined distance L2 toward the shaft 

20 shank 24 and is joined to the shaft shank 24. 

The first step region 30 of the shaft tooth section 22 
may have a slanted surface or an arcuate curved surface or a 
compound surface having a predetermined radius of curvature. 
The peak 22a of the shank tooth section 22 has an 

25 outside diameter which may remain constant in the axial 

direction, as shown in FIGS. 3 and 4, or which may 
progressively decrease from an area close to the point PI 



CLEAN VERSION OF 
SUBSTITUTE SPECIFICATION 

toward the shaft shank 24^ as shown as 22a' in FIG. 5, With 
the outside diameter of the peak 22a' progressively 
decreasing toward the shaft shank 24, the shaft tooth 
section 22 can easily be manufactured by rolling racks, as 
described later on, and the function of the shaft tooth 
section 22 to transmit torque is not lowered. In FIG. 5, 
the reference character "H" represents a horizontal line to 
be compared with a change (reduction) in the outside 
diameter of the peak 22a' , 

On the peak 28a of the hub tooth section 28, there is 
established a point P2 at a position which is offset a 
predetermined distance L4 from the point PI in the shaft 
tooth section 22 in a horizontal direction away from the 
shaft shank 24, From the point P2, the peak 28a changes its 
peak radius (|)A3 to a peak radius (j)A4 , providing a second 
step region 32 with the peak radius (|)A4 . The second step 
region 32 extends horizontally a predetermined distance L3 
toward the shaft shank 24. 

The second step region 32 of the hub tooth section 28 
may have a slanted surface or an arcuate curved surface or a 
compound surface having a predetermined radius of curvature, 
and may be of a shape different from the shape of the first 
step region 30. The tilt angle of the second step region 32 
is set as desired complementarily to the tilt angle of the 
first step region 30. The shape of the hub tooth section 28 
is not limited to the shape of the second step region 32, 
but may include a round shape, a tapered tape, or the like 
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having a predetermined radius of curvature. The valleys 28b 
of the hub tooth section 28 have an inside diameter which 
remains constant . 

The valley radii <^A1 ^ ^A2 represent respective 
distances from the central axis of the shaft 12 to the 
bottom lands of the valley 22b of the shaft tooth section 
22. The peak radii OAS ^ OA4 represent respective distances 
from the central axis of the shaft 12 to the top lands of 
the peak 28a of the hub tooth section 28. 

The distance L2 in the shaft tooth section 22 may be 
set to a value greater than the distance LI in the shaft 
tooth section 22 (LKL2) , The distance L2 in the shaft tooth 
section 22 and the distance L3 in the hub tooth section 22 
may be set to substantially equal values (L2 L3) ^ or the 
distance L3 in the hub tooth section 22 may be set to a 
value greater than the distance L2 in the shaft tooth 
section 22 {L2<L3) ^ for allowing an offset (described later) 
to be easily established depending on dimensional tolerance 
and dimensional accuracy and also for improving the ease in 
assembling the shaft 12 and the hub 14 together. In FIG. 3, 
the distance L2 and the distance L3 are not plotted 
accurately to actual dimensions. 

As can be seen from FIG. 3^ the point PI as a starting 
point (changing point) where the first step region 30 of the 
shaft tooth section 22 starts to rise and the point P2 as a 
starting point (changing point) where the second step region 
32 of the hub tooth section 28 starts to rise are offset 
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substantially horizontally from each other by a 
predetermined distance L4 . 

Therefore, when torque is applied to the shaft/hub unit 
10 wherein the shaft tooth section 22 and the hub tooth 
section 28 mesh with each other, since the point Pi in the 
shaft tooth section 22 and the point P2 in the hub tooth 
section 28 are offset from each other by the distance L4, 
the stresses imposed on the shaft/hub unit 10 are 
distributed to the points PI, P2, thereby relaxing stress 
concentration. As a result, static mechanical strength and 
fatigue strength of the area where the shaft tooth section 
22 and the hub tooth section 28 mesh with each other are 
increased , 

In FIG. 4, a right-angled triangle formed by 
interconnecting points PI, P3, P4 may have its cross- 
sectional area increased, and the angle 0 formed between a 
line segment P14 interconnecting the points PI, P4 and a 
line segment P13 interconnecting the points PI, P3, i.e., 
the tilt angle 9 of the first step region 30, may be set to 
a smaller value for further relaxing stress concentration 
with a tapered surface 34 of the first step region 30. 

The relationship between the tilt angle 9 of the first 
step region 30, stress relaxation, and productivity is shown 
in FIG. 6. It can be seen from FIG. 6 that stress 
relaxation and productivity are good (see symbol "O") if 
the tilt angle 0 is set to a value in the range from 5 
degrees to 45 degrees, and optimum (see sym.bol "@") if the 
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tilt angle 9 is set to a value in the range from 10 degrees 
to 35 degrees. 

If the tilt angle 6 is set to 3 degrees, no sufficient 
stress distribution capability is available, and it is 
5 difficult to manufacture the shaft tooth section 22 with 

rolling racks, to be described later. If the tilt angle 9 
is set to 90 degrees, excessive stresses concentrate on the 
first step region 30, and the durability of rolling racks 
used to manufacture the shaft tooth section 22 is reduced, 

10 FIG. 7 shows a characteristic curve A (broken-line 

curve) of stresses on a comparative shaft wherein the first 
step region 30 and the second step region 32 are not form.ed 
in the shaft tooth section 22 and the hub tooth section 28 
and a characteristic curve B (solid-line curve) of stresses 

15 on a shaft wherein the points PI, P2 are offset from each 

other by the predetermined distance L4 shown in FIG. 4 and 
the tilt angle 9 of the first step region 30 is set to a 
large value. A comparison between the characteristic curve 
A and the characteristic curve B indicates that according to 

20 the characteristic curve B which represents the structure 

shown in FIG. 4, the peak of stresses is reduced and the 
concentration of stresses is relaxed. 

FIG, 8 shows a characteristic curve C of stresses on a 
shaft wherein the tilt angle 0 of the first step region 30 

25 is smaller than with the characteristic curve B. It can be 

understood from FIG. 8 that by reducing the tilt angle 9 to 
increase the size of the tapered surface 34, the tapered 
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surface 34 is capable of more relaxing stresses (compare a 
portion a of the characteristic curve B shown in FIG. 7 and 
a portion P of the characteristic curve C shown in FIG. 8), 
FIG. 9 shows a characteristic curve E (solid-line 
5 curve) of stresses on a shaft wherein the point PI in the 

shaft tooth section 22 and the point P2 in the hub tooth 
section 28 are offset from each other by a predetermined 
distance^ and a characteristic curve F (broken-line curve) 
of stresses on a shaft wherein the points PI, P2 are not 
10 offset from each other, i.e., the distance by which the 

points PI, P2 are spaced horizontally from each other is 
nil. 

A comparison of offset and offset-free portions (see 
portions y of the characteristic curves E, F) shows that the 

15 characteristic curve E of the shaft wherein the starting 

point PI (see FIGS. 3 and 4) in the shaft tooth section 22 
and the starting point P2 (see FIGS. 3 and 4) in the hub 
tooth section 28 are offset from each other is more gradual 
than the characteristic curve F wherein the starting points 

20 Pi, P2 are not offset from each other. The offset starting 

points PI, P2 are effective in relaxing stresses in the area 
where the radii change. 

FIG, 2 shows the manner in which the straight peak 22a 
of the shaft tooth section 22 and the straight peaks 28a of 

25 the hub tooth section 28, which are held in mesh with each 

other, are in mesh with each other when torque is applied to 
them in their unloaded state. It is assumed that when 
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torque is applied to the peaks 22a^ 28a, a load is applied 
to them in the direction indicated by the arrow Y which is 
perpendicular to the axis of the shaft tooth section 22. 

FIG. 10 shows the relationship between stresses 
developed on the shaft and positions where the stresses are 
measured (see the arrow X in FIG. 2) . If the magnitude of 
the applied load varies through three stages, i.e., a low 
load, a medium load, and a high load, then it can be seen 
that the peak points of stresses reside in substantially the 
same measuring position D as indicated by points a, b, c, 
from a low-load characteristic curve, a medium-load 
characteristic curve, and a high-load characteristic curve 
which correspond to the above stages, respectively, 

FIGS. 11 and 12 are enlarged partial longitudinal 
cross-sectional views showing the manner in which the peak 
28a of the hub tooth section 28 contacts the valley 22b of 
the shaft tooth section 22 at the time the shaft 12 and the 
hub 14 are assembled together. In FIGS. 11 and 12, (|)dl 
through (|)d3 represent pitch circle radii from the central 
axis of the shaft 12. 

Since the shaft tooth section 22 is straight in shape 
and the hub tooth section 28 is straight in shape, the side 
surfaces of the shaft tooth section 22 and the hub tooth 
section 28 are held in fact-to-face contact with each other 
at all times (see FIGS. 2, 11, and 12). 

As can be understood from a comparison between FIGS. 11 
and 12, the radii (|)d2 , (j)d3 of the shaft tooth section 22 in 
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a stress concentrating region can be increased by a by 
forming the first step region 30 (see FIG. 3) and the second 
step region 32 (see FIG. 3) in portions of the shaft tooth 
section 22 and the hub tooth section 28 which are close to 
5 the shaft shank 24. 

Since the radii (t)d2 , ^dS of the shaft tooth section 22 
in the stress concentrating region are increased by a, the 
radius of curvature of the bottom land R of the valley 22b 
of the shaft tooth section 22 can be increased for stress 
10 distribution (see in FIG. 12) . Overall stresses (main 

stresses) can be lowered by increasing the radius of the 
region close to the shaft shank 24 as compared with other 
regions . 

According to the first embodiment, as described above, 
15 the point PI as a starting point of the first step region 30 

of the shaft 12 and the point P2 as a starting point of the 
second step region 32 of the hub 14 are offset substantially 
horizontally from each other by the distance L4 , 

Therefore, when torque is applied to the shaft/hub unit 
20 10 wherein the shaft tooth section 22 and the hub tooth 

section 28 mesh with each other, the stresses imposed on the 
shaft/hub unit 10 are distributed to the points PI, P2, 
thereby relaxing stress concentration. Consequently, static 
mechanical strength and fatigue strength of the area where 
25 the shaft tooth section 22 and the hub tooth section 28 mesh 

with each other are increased. 

Furthermore, by setting the tilt angle 9 at the 
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starting point Pi of the first step region 30 to a value in 
the range from 5 degrees to 45 degrees, the tapered surface 
34 of the first step region 30 further relaxes stress 
concentration . 

With the shaft 12 used as a power transmitting shaft 
and the hub 14 as an inner member housed in an outer member 
of a constant velocity joint, when torque is transmitted 
from the power transmitting shaft to the hub 14, stresses 
concentrating on the area where the shaft 12 and the hub 14 
engage each other are appropriately relaxed, allowing the 
drive power to be transmitted reliably to the outer member 
of the constant velocity joint. 

In the embodiments to be described below, those parts 
of shaft/hub units which are identical to those of the 
shaft/hub unit 10 according to the first embodiment will not 
be described in detail below. Those parts which operate in 
the same manner as and offer the same advantages as those 
according to the first embodiment will not be described in 
detail below. 

FIG. 13 shows a shaft/hub unit 100 which incorporates a 
power transmitting mechanism according to a second 
embodiment of the present invention, FIG. 14 shows, in 
enlarged partial longitudinal cross section in the axial 
direction of the shaft 112, that a peak 128a of a hub tooth 
section 128 engages in a valley 122b of a shaft tooth 
section 122. 

As shown in FIG. 14, the valley 122b of the shaft tooth 
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section 122 has a step region 130 extending horizontally a 
predetermined distance toward the shaft shank 124 and raised 
from a point PI, which is displaced a predetermined distance 
from the central point PO toward the shaft shank 124, toward 
the hub tooth section 128 obliquely at a predetermined 
angle . 

The step region 130 extends horizontally a 
predetermined distance from the central point P2 and is 
joined to the shaft shank 124. Stated otherwise, the radius 
of the shaft tooth section 122 changes from a valley radius 
(j)Dl at the valley 122b to a valley radius (j)D2 at the step 
region 130. 

The step region 130 may have a slanted surface or an 
arcuate curved surface or a compound surface having a 
predetermined radius of curvature. 

The peak 122a, 222a of the shank tooth section 122, 222 
has an outside diameter which remains constant in the axial 
direction, as shown in FIGS. 14 and 15. 

The peak 128a of the hub tooth section 128 has its 
outside radius (j)D3 remaining constant in the axial direction 
of the hub 114, and the valley 128b (FIGS. 17-18) of the hub 
tooth section 128 also has its inside radius (|)D4 remaining 
constant in the axial direction of the hub 114. 

The valley radii (|)D1, (j)D2 represent a distance from the 
central axis of the shaft 112 to the bottom land of the 
valley 122b of the shaft tooth section 122. The peak radius 
(i)D3 represents a distance from the central axis of the shaft 
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112 to the top land of the peak 128a of the hub tooth 
section 128. 

Therefore, when torque is applied to the shaft/hub unit 
100 wherein the shaft tooth section 122 and the hub tooth 
section 128 mesh with each other, stresses applied to the 
shaft/hub unit 100 are distributed to an area Tl of the hub 
tooth section 128 which faces the point PI in the shaft 
tooth section 122 and an area T2 of the hub tooth section 
128 which faces the step region 130 of the shaft tooth 
section 122, so that the concentration of stresses is 
relaxed (see FIG. 14) . 

As a result, since the concentration of stresses is 
relaxed, but stresses are distributed, static mechanical 
strength and fatigue strength of the area where the shaft 
tooth section 122 and the hub tooth section 128 mesh with 
each other are increased. 

In FIG. 15, a right-angled triangle formed by 
interconnecting points PI, P2 \ P3 in the valley 222b of the 
shaft tooth section 222 may have its cross-sectional area 
increased, and the angle 9 formed between a line segment P13 
interconnecting the points Pi, P3 and a line segment P12 ' 
interconnecting the points PI, P2 ' , i.e., the tilt angle 0 
of the step region 230, may be set to a small value for 
further relaxing stress concentration with a first tapered 
surface 232 of the step region 230. 

The relationship between the tilt angle 9 of the step 
region 230 (first tapered surface 232), stress relaxation. 
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and productivity is shown in FIG. 16. It can be seen from 
FIG. 16 that stress relaxation and productivity are good 
(see symbol "O") if the tilt angle 8 is set to a value in 
the range from 5 degrees to 45 degrees, and optimum (see 
5 symbol "®") if the tilt angle 9 is set to a value in the 

range from 10 degrees to 35 degrees. 

If the tilt angle 9 is set to a value less than 5 
degrees, no sufficient stress distribution capability is 
available, and it is difficult to manufacture the shaft 

10 tooth section 222 with rolling racks, to be described later. 

If the tilt angle 0 is set to a value in excess of 45 
degrees, excessive stresses concentrate on the step-like 
step region 230, and the durability of rolling racks used to 
manufacture the shaft tooth section 222 is reduced. 

15 An ordinary shaft/hub spline fitting arrangement which 

is free of the step region 130, 230 has a stress peak point 
produced in the vicinity of the shaft shank 124, 224, 
According to the second embodiment, however, the step region 
130^ 230 is provided in the shaft tooth section 122^ 222 to 

20 allow some stresses to concentrate on the hub tooth section 

128, 228 facing the point PI, thus distributing stresses 
that tend to concentrate on the shaft shank 124, 224. If 
the tilt angle 0 of the step region 130, 230 in the shaft 
tooth section 122, 222 is set to too a large value, e.g., 90 

25 degrees, for example, then excessive stresses concentrate on 

the hub tooth section 128, 228 facing the point PI, failing 
to provide a stress distributing (stress relaxing) 
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capability. By setting the tilt angle 9, i,e., the rise 
angle^ of the step region 130, 230 to an appropriate value, 
the concentration of stresses in the vicinity of the shaft 
shank 124, 224 is suitably distributed to reduce stresses at 
the peak point. 

A characteristic curve A (broken-line curve) of 
stresses on a comparative shaft wherein the step region 130, 
230 is not formed in the shaft tooth section 122, 222 and a 
characteristic curve B (solid-line curve) of stresses on a 
shaft wherein the step region 130, 230 starting from the 
starting point PI is formed in the shaft tooth section 122, 
222, are identical to those shown in FIG. 7 according to the 
first embodiment. It can be understood that a comparison 
between the characteristic curve A and the characteristic 
curve B indicates that according to the characteristic curve 
B which represents the structure having the step region 130, 
230, the peak of stresses is reduced and the concentration 
of stresses is relaxed. 

A characteristic curve C of stresses on a shaft wherein 
the tilt angle 6 of the step region 130, 230 is smaller than 
with the characteristic curve B is identical to that shown 
in FIG. 8 according to the first embodiment. It can be 
understood that the first tapered surface 232 with the 
smaller tilt angle 0 is effective in more stress relaxation. 

The peak points of stresses imposed depending on 
applied loads reside in substantially the same measuring 
position D as indicated by points a, b, c, as >with the first 
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embodiment (see FIG. 10). 

FIGS. 17 and 18 are enlarged partial longitudinal 
cross-sectional views showing the manner in which the peak 
128a^ 228a of the hub tooth section 128, 228 contacts the 
5 valley 122b, 222b of the shaft tooth section 122, 222 at the 

time the shaft 112, 212 and the hub 114, 214 are assembled 
together. The operation and advantages of the shaft/hub 
unit 100 are identical to those of the shaft/hub unit 10 
shown in FIGS. 11 and 12, and will not be described in 

10 detail below. 

A process of manufacturing the spline teeth 120, 220 of 
the shaft tooth section 122, 222 will be described below. 

As shown in FIG. 19, a rod-shaped workpiece 42 which 
has been machined into a predetermined shape by a tool in a 

15 previous machining process is inserted between upper and 

lower rolling racks 40a, 40b each made of a hard material 
and having a substantially rectangular shape. While the 
rolling racks 40a^ 40b are being pressed against the 
workpiece 42, the rolling racks 40a, 40b are displaced in 

20 opposite directions indicated by the arrows by an actuator 

(not shown) to form splines on the outer circumferential 
surface of the workpiece 42. 

The spline teeth 120, 220 of the shaft tooth section 
122, 222 can thus easily be formed by the above rolling 

25 process. Tool grooves (tool marks) having a depth of about 

50 jam are formed in the top lands of the spline teeth 120, 
220 of the shaft tooth section 122, 222 by the tool in the 
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previous machining process. 

The rolling process can form the spline teeth 126^ 226 
in shorter cycles and allows the rolling racks 40a, 40b to 
have a longer service life than a pressing process (forging 
process). According to the rolling process, the forming 
teeth of the rolling racks 40a, 40b can be polished again 
for reuse. The rolling process is more advantageous as to 
cost from the standpoints of service life, forming cycle, 
and rack reusability than the pressing process (forging 
process ) , 

However^ since the spline teeth are formed by a 
material flow toward the top lands thereof in the rolling 
process, the top lands of the spline teeth formed by the 
rolling process may not necessarily be uniform in shape. 

While this invention has been described in conjunction 
with the exemplary aspects outlined above, various 
alternatives , modifications , variations , improvements , 
and/or substantial equivalents, whether known or that are or 
may be presently unforeseen, may become apparent to those 
having at least ordinary skill in the art. Accordingly, the 
exemplary aspects of the invention, as set forth above, are 
intended to be illustrative, not limiting. Various changes 
may be made without departing from the spirit and scope of 
the invention. Therefore, the invention is intended to 
embrace all known or later-developed alternatives, 
modifications, variations, improvements, and/or substantial 
equivalents . 



